Abstract. We have studied spectral evolution at 2 s resolution in 48 strong bursts observed by the Solar Maximum Mission (SMM) Gamma Ray Spectrometer (GRS). Hard-to-soft spectral evolution is observed in individual pulses in 30 of the events; there are no clear instances of soft-to-hard evolution in resolved pulses but hardness appears to track intensity in some events. There is also no consistent trend of softening from one pulse to the next. Twenty of the bursts were observed >4 MeV and these exhibit the same spectral evolution as the full sample. We present in greater detail data from 8 of 14 bursts detected at energies >10 MeV. Pulses observed >10 MeV are generally narrower than they are at 0.3 MeV and they typically exhibit hard-to-soft spectral evolution, although hardness appears to track intensity in two of the events. In two of the bursts later pulses are either as hard or considerably harder than earlier pulses.
INTRODUCTION
Measurements of temporal variations of gamma-ray burst continua provide important constraints on the origins of bursts and mechanisms for emission of high-energy photons. For example the synchrotron shock model of Tavani 1] predicts a spectral shape similar to that observed in bursts. This same model also predicts that individual GRB pulses become narrower with increasing energy. The saturated Compton upscattering of synchrotron radiation proposed by Liang also predicts a hard-to-soft evolution 2].
A variety of spectral variations have been observed in bursts and there appears to be no clear spectral evolution that is characteristic of all bursts 3]. Part of this ambiguity may be due to the fact that the temporal resolution of the observations are not always adequate to discern the individual shocks or pulses. Bhat et al. 4 ] studied a speci c class of bursts, those with a sharp rise followed by a longer decay; a majority of these show both hardness ratio leading intensity and hard-to-soft evolution. Ford 5] studied spectral evolution in 37 bursts observed by the BATSE spectroscopy detectors and found that in most bursts the peak of F rises with or precedes intensity increases and then decreases for the remainder of the pulse and that subsequent pulses tend to be softer. The peak of F basically characterizes the spectrum below a few MeV. In this paper we extend spectral evolution studies to higher energies using data from the Solar Maximum Mission (SMM) Gamma Ray Spectrometer (GRS).
OBSERVATIONS
The SMM/GRS made observations of 177 bursts from 1980 to 1989 6]; it was capable of spectral evolution studies at 2 s temporal resolution in energy bands from 0.013 to 0.182 MeV, 0.28 -0.32 MeV, 4.1 -6.4 MeV, >10 MeV. Hard-to-soft spectral evolution was rst identi ed in individual pulses in a limited sample of bursts observed with the GRS and the HXRBS experiments on SMM 7] . We have studied 48 relatively intense bursts from the GRS from 1980 to 1989 to establish a more extended data base for understanding spectral evolution. The 2 s temporal resolution of the SMM/GRS is not always adequate to resolve individual pulses. In general we nd that individual pulses appear to be narrower at higher energies than at lower energies. Hard-to-soft spectral evolution in pulses also appears to be a characteristic in at least 30 of the bursts. There are no clear cases of soft-to-hard spectral evolution in individual pulses; however, hardness appears to track intensity in 7 to 10 of the events. We also do not nd any consistent trend of softening from pulseto-pulse; in some bursts later pulses are signi cantly harder than in earlier pulses.
Twenty of the SMM bursts were observed at energies above 4 MeV; we nd evidence for hard-to-soft spectral evolution within individual pulses in 14 of these bursts, roughly the same ratio as the entire sample. Fourteen of the twenty bursts were also detected above 10 MeV; this is the largest sample of events above 10 MeV observed by a single detector. We selected eight of these high-energy bursts for display in Figures 1 and 2 . For each of the bursts we plot rates in a narrow energy band around 300 keV and in the 10 -40 MeV range; we also plot the 10 -40 MeV/0.28 -0.32 MeV hardness ratio for those 2 s time intervals when the burst was detected above the 2 level in both energy ranges. The variation in the measured hardness ratio from burst-to-burst is in part due to absorption of low energy photons in the shield and spacecraft for large incidence angles. GRB 840805 is the only burst for which the angle of incidence was known and a photon spectrum covering the energy range from 20 keV to 100 MeV has been derived 6], 8].
Generally the pulses are narrower >10 MeV than they are near 300 keV and most of what appear to be individually resolved pulses soften in time. The increase in hardness does not always lead the increase in intensity; in GRB's 840805 and 881024 the hardness appears to follow the intensity.
It is also clear (e.g. GRB 870609) that subsequent pulses in bursts are not always softer. There are three distinct pulses for GRB 821104 7] and only the last one, occurring 60 s after the onset of the burst and shown in Figure  1 , had detectable emission >10 MeV. This hardening of later pulses may be a modest example of the extraordinary burst detected by the EGRET spark chamber at energies >30 MeV up to 90 minutes after its onset 9]. 
